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(54) Vibration member for travelling wave motor using piezoelectric element as driving source 



(57) There is disclosed a vibration member compris- 
ing: a driving portion; an elastic member including the 
driving portion; and an electro-mechanical energy con- 
version element as a driving source in contact with the 
elastic member. The electro-mechanical energy conver- 
sion element is provided with an alternating signal to 
generate a plurality of vibrations, and the plurality of vi- 



brations are combined to generate a driving vibration in 
the driving portion. An ununiformity of rigidity of the vi- 
bration member caused by a polarization treatment per- 
formed on the electro-mechanical energy conversion el- 
ement is offset by partially changing the rigidity of the 
vibration member, so that a stable driving vibration of 
the vibration member can be outputted. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a vibration 
member which uses a piezoelectric element, that is, an 
electro-mechanical energy conversion element as a 
driving source to form a driving vibration in an elastic 
member, a vibration wave driving apparatus which uses 
the vibration member as a driving source, and an appa- 
ratus provided with the vibration wave driving appara- 
tus. 

Related Background Art 

[0002] As a vibration wave driving apparatus which 
uses, as a driving source, a vibration member for form- 
ing a driving vibration in an elastic member using a vi- 
bration source of a piezoelectric element as an electro- 
mechanical energy conversion element, there is a vibra- 
tion wave motor as one system for relatively moving the 
vibration member and a contact member pressurized to 
contact the vibration member. The vibration wave motor 
serves as an actuator which can extract a large torque 
at a low speed, there is no cogging disposed on an elec- 
tromagnetic motor, and the vibration wave motor is char- 
acterized by little rotation un evenness. 
[0003] Particularly, in a traveling wave type vibration 
wave motor, a traveling vibration wave with a uniform 
vibration amplitude is generated in the elastic member, 
a moving member as a contact member pressurized to 
contact the elastic member is continuously driven, and 
therefore no rotation unevenness is generated in prin- 
ciple. 

[0004] Fig. 21 is a perspective view of a vibration 
member of a conventional vibration wave motor. 
[0005] Numeral 1 denotes an annular elastic member 
formed of a metal or the like, 2 denotes a piezoelectric 
element as an annular electro-mechanical energy con- 
version element, and the piezoelectric element 2 is 
bonded and fixed to one surface of the elastic member 
1 by an adhesive. 

[0006] For the piezoelectric element 2, electrodes are 
formed on both surfaces of a piezoelectric member con- 
stituted of ceramic subjected to a polarization treatment, 
voltage applying electrodes 3 are arranged at intervals 
in a peripheral direction on the surface shown in Fig. 21 , 
and an entire surface electrode (not shown) for covering 
the entire surface is disposed on the surface bonded to 
the elastic member 1 . 

[0007] On the other hand, a wear-resistant layer of a 
wear- resistant friction material or the like is formed on 
the other surface (the surface opposite to the surface 
bonded to the piezoelectric element 2) of the elastic 
member 1, and a moving member (not shown) is pres- 
surized to contact via the wear-resistant layer. 



[0008] In Fig. 1 7, (1 ) to (3) are development diagrams 
showing a driving principle of a traveling wave type vi- 
bration wave motor. 

[0009] In Fig. 17,(1) shows a first standing wave with 
s a wavelength X excited in the vibration member (referred 
to as A phase), and (2) shows a second standing wave 
with a wavelength X excited in the vibration member (re- 
ferred to as B phase). For the shown A and B phases, 
respective node positions (antinode positions) deviate 
10 from each other by a 1 /4 wavelength. By simultaneously 
exciting and overlapping these two standing waves with 
a time phase difference of 90°, a traveling wave with a 
uniform amplitude can be synthesized as shown in (3) 
of Fig. 17. 

75 [0010] For the vibration member in which the flexural 
traveling wave is excited in this manner, since a point 
apart from the neutral surface of flexural displacement 
performs elliptical movement, by pressing the moving 
member onto the top surface of the vibration member 

20 for contact in the vicinity of a vertex of elliptical move- 
ment, the moving member is driven by a friction force 
acting between the vibration member and the moving 
member. 

[0011] For the piezoelectric element bonded to the 
25 elastic member constituting the vibration member for ex- 
citing the respective standing waves A, B, by forming a 
plurality of electrodes on a single disc by evaporation or 
the like and subjecting a plurality of areas to the polari- 
zation treatment, two standing waves deviating in phase 
30 from each other can be excited by a single piezoelectric 
element. 

[0012] Figs. 18A and 18B show a representative po- 
larization pattern. Respective electrode groups of A and 
B phases are formed via a non-driving portion with a 

35 length of a 1/4 wavelength, and in each group, each 
electrode has a length of a 1/2 wavelength and the elec- 
trodes adjacent to each other are polarized in reverse 
directions as shown by symbols (+), (-) in Fig. 18A. 
[0013] The respective electrode groups of A and B 

to phases are short-circuited by means such as a conduc- 
tive paste and a flexible printed board, a contraction and 
expansion force is therefore generated in a direction 
crossing at right angles to a polarization direction by ap- 
plying a desired voltage between the electrode and a 

45 ground electrode on the back surface, and the afore- 
mentioned two standing waves are excited at the re- 
spective voltages of the A and B phases by applying a 
flexural moment to the vibration member. 
[0014] However, in the aforementioned conventional 

50 example, when the polarization treatment is performed 
in order to form adjacent polarized areas in polarization 
directions opposite to each other in one piezoelectric el- 
ement, the following problems arise. 
[001 5] Fig. 1 9 is a deve taped sectional view of the pi- 

55 ezoelectric element of a portion in which the polarization 
directions in the adjacent polarized areas are opposite 
to each other. Arrows in Fig. 1 9 show electric force lines 
by differences of potentials applied to the respective 
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electrodes during polarization. 
[0016] As shown in Fig. 19, in a portion apart from a 
boundary (3) ot two electrodes (1) and (2), the electric 
force lines run substantially in a thickness direction, and 
the polarization direction also runs along the direction 
of the electric force lines. 

[001 7] However, many of the electric force lines in the 
boundary (3) between the adjacent electrodes (1) and 
(2) run in a direction crossing at right angles to the thick- 
ness direction between the adjacent electrodes, instead 
of the thickness direction. Therefore, the present inven- 
tors have clarified that the polarization direction also 
runs in the direction crossing at right angles to the thick- 
ness direction of the piezoelectric element. 
[0018] On the other hand, a flexural rigidity of the vi- 
bration member is determined mainly by the flexural ri- 
gidity of the elastic member and the rigidity of the bond- 
ed piezoelectric element. 

[001 9] Since the piezoelectric element is bonded to a 
position apart from the neutral surface of the vibration 
member in the thickness direction, the rigidity of the di- 
rection crossing at right angles to the vibration direction 
contributes to the flexural rigidity of the vibration mem- 
ber. For the piezoelectric element, a modulus of longi- 
tudinal elasticity is anisotropic depending on the applied 
polarization direction. Specifically, in Fig. 19, when the 
modulus of longitudinal elasticity of a direction parallel 
to the polarization direction of an area subjected to a 
treatment in the (ideal) polarization direction is Y11 , and 
the modulus of longitudinal elasticity of a direction cross- 
ing at right angles to the ideal polarization direction is 
Y33, there is usually a relation of Y11 > Y33. 
[0020] Since polarization is performed substantially in 
the thickness direction in the vicinity of the middle of the 
electrodes (1) and (2), the modulus of longitudinal elas- 
ticity of the thickness direction is Y11. However, when 
the adjacent electrodes are polarized in reverse direc- 
tions, the modulus of longitudinal elasticity of the direc- 
tion crossing at right angles to the thickness direction is 
Y33 in the boundary (3). Therefore, the modulus of lon- 
gitudinal elasticity of the boundary of the electrodes po- 
larized in the reverse directions indicates a smaller val- 
ue than that of an electrode portion. 
[0021] If there is partially a difference in the modulus 
of longitudinal elasticity of the elastic member, the fol- 
lowing phenomenon occurs. 

[0022] Specifically, for the standing wave excited by 
the elastic member, a propagation speed is determined 
by the flexural rigidity of each portion of the elastic mem- 
ber, and a line density. When the rigidity or the density 
is non-uniform, the propagation speed of flexural vibra- 
tion partially changes, the wavelength of the excited 
standing wave changes, and wavelength unevenness 
occurs in some places. 

[0023] Fig. 20 is a development diagram in which the 
wavelength unevenness generated by the polarization 
pattern of the piezoelectric element shown in Fig. 18 is 
shown centering on a driven portion with a 1/4 wave- 



length. 

[0024] For the standing wave (wavelength A) in which 
the number of waves excited by the A phase electrode 
group is seven, ideally a vibration antinode corresponds 

s to the middle of the electrode in the area of the A phase 
electrode group, and the vibration antinode coincides in 
position with the boundary of the electrodes in the area 
of the B phase electrode group. 
[0025] Additionally, as shown in Fig. 19, since the 

10 modulus of longitudinal elasticity in the middle of the 
electrode (1) of the piezoelectric element is larger than 
the modulus of longitudinal elasticity of the boundary (3) 
of the electrodes (1) and (2), for the A phase standing 
wave, the flexural rigidity is high in the A phase electrode 

is group area of the vibration member in which the antin- 
ode position of the standing wave is in the middle of the 
electrode of the piezoelectric element, and the flexural 
rigidity is low in the B phase electrode group area in 
which the antinode position is between the electrodes 

20 of the piezoelectric element. 

[0026] Therefore, in the A phase area the vibration 
propagation speed increases and the wavelength is 
lengthened, while in the B phase area the vibration prop- 
agation speed decreases and the wavelength is there- 

25 fore shortened. 

[0027] Similarly, in the standing wave excited by the 
B phase electrode group, conversely, the wavelength is 
short in the A phase area and the wavelength is long in 
the B phase area. 

30 [0028] As described above, since there is uneven- 
ness in the wavelength of each of the respective A and 
B standing waves each with the number of waves of sev- 
en, and there is deviation from a position phase A/4, it 
is seen from Fig. 20 that amplitude unevenness occurs 

35 in the amplitude of the synthesized traveling wave. 
[0029] When there is unevenness in the traveling 
wave amplitude, unevenness occurs in the driving 
speed of the moving member. Therefore, there is une- 
venness in the press contact force of the moving mem- 

40 ber, or a contact surface is incompletely flat, and speed 
unevenness is therefore caused in the moving member 
by the relative position of the moving member and vi- 
bration member. 

[0030] Moreover, the moving member slides in areas 
45 different in feeding speed at an equal speed, an area in 
which feeding forces are compensated each other is 
therefore produced, and efficiency is deteriorated by 
friction loss. 

[0031] Furthermore, since the press contact force act- 
50 ing between the moving member and the vibration mem- 
ber differs with the position of the vibration member, de- 
viation friction is caused on the friction surface of the 
vibration member, and the life of the motor is shortened 
as a result. 

55 [0032] Moreover, in a conveying apparatus in which 
a powder material or another material small as com- 
pared with the wavelength is directly laid on the vibration 
member and conveyed, since the movement speeds of 
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a plurality of waves are not averaged, the powder ma- 
terial gathers in a place where the traveling wave am- 
plitude is small, or another problem arises, and smooth 
conveyance is inhibited. 

[0033] The aforementioned amplitude unevenness 5 
not only depends on the polarization direction of the pi- 
ezoelectric element but also occurs, for example, in the 
following situation. 

[0034] Specifically, as the constitution of the vibration 
member, in addition to the single piezoelectric element, io 
as shown in Fig. 22, a plurality of piezoelectric elements 
each having a length of 1/2 wavelength polarized in a 
single direction are bonded to the elastic member, or the 
length of the piezoelectric element is set to 1/4 wave- 
length. 15 
[0035] In this case, since polarization is performed in 
the single direction in each piezoelectric element, the 
aforementioned problem of the difference in the modu- 
lus of elasticity by the polarization direction does not oc- 
cur, but in a gap between the piezoelectric elements a 20 
sectional secondary moment is reduced as compared 
with other areas. Therefore, the aforementioned vibra- 
tion amplitude unevenness is caused. 
[0036] Even with the single piezoelectric element, as 
shown in Fig. 23, by applying the electrode on the entire 25 
surface, performing polarization to provide a uniform po- 
larity, and polishing the electrode with a grindstone, a 
metal saw or the like to divide the electrode into a plu- 
rality of electrodes, a sectional shape has a partially cut 
groove 3-3, the rigidity between the electrodes is dete- 30 
riorated, and the similar vibration amplitude unevenness 
is caused. 

[0037] Moreover, even by dividing the electrode into 
a plurality of electrodes in the aforementioned method 
in an non-polarized state, bonding the piezoelectric el- 35 
ement to the vibration member and subsequently per- 
forming the polarization treatment to vary the polarity, 
the similar result is obtained. 

[0038] An object of the present invention is to provide 
a vibration member using an electro-mechanical energy *o 
conversion element as a vibration source in which wave- 
length unevenness generated in a plurality of standing 
waves is removed and a driving wave as a combined 
wave of the plurality of standing waves can be stabilized, 
a vibration wave driving apparatus using the vibration 45 
member as a driving source, and an apparatus provided 
with the vibration wave driving apparatus. 

SUMMARY OF THE INVENTION 

50 

[0039] According to one aspect of the present inven- 
tion, there is provided a vibration member, provided with 
an elastic member and an electro-mechanical energy 
conversion element, for combining a plurality of vibra- 
tions formed by applying an alternating signal to the con- 55 
version element and generating a driving vibration in the 
elastic member. In the vibration member, a partial unu- 
niformity of rigidity of the vibration member caused by 



polarization of the conversion element is offset by par- 
tially changing the rigidity of the vibration member, so 
that a stable driving vibration of the vibration member 
can be outputted. 

[0040] Other objects will be apparent by the following 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] Fig. 1 is a perspective view of a first embodi- 
ment of the present invention. 
[0042] Figs. 2A and 2B are pattern drawings of a pie- 
zoelectric element in the first embodiment of the present 
invention. 

[0043] Fig. 3 is a partial development diagram of a pi- 
ezoelectric vibration member of a second embodiment 
of the present invention. 

[0044] Fig. 4 is a partial development diagram of the 
piezoelectric vibration member of the second embodi- 
ment of the present invention. 
[0045] Fig. 5 is a partial development diagram of the 
piezoelectric vibration member of a third embodiment of 
the present invention. 

[0046] Fig. 6 is a partial development diagram of the 
piezoelectric vibration member of a fourth embodiment 
of the present invention. 

[0047] Fig. 7 is a partial development diagram of the 
piezoelectric vibration member of a fifth embodiment of 
the present invention. 

[0048] Fig. 8 is an exploded perspective view of the 
piezoelectric vibration member of a sixth embodiment 
of the present invention. 

[0049] Fig. 9 is a perspective view of the piezoelectric 
vibration member of the sixth embodiment of the present 
invention. 

[0050] Fig. 10 shows a frequency response of the pi- 
ezoelectric vibration member of the sixth embodiment 
of the present invention in a conventional shape. 
[0051] Fig. 11 is a partial development diagram of the 
piezoelectric vibration member of the sixth embodiment 
of the present invention. 

[0052] Fig. 1 2 is a perspective view of the piezoelec- 
tric vibration member of a seventh embodiment of the 
present invention. 

[0053] Fig. 1 3 is a perspective view of the piezoelec- 
tric vibration member of an eighth embodiment of the 
present invention. 

[0054] Fig. 1 4 is an exploded perspective view of the 
piezoelectric vibration member of a ninth embodiment 
of the present invention. 

[0055] Fig. 15 is a perspective view of a vibration 
wave motor of a tenth embodiment of the present inven- 
tion. 

[0056] Fig. 1 6 is a perspective view of a powder ma- 
terial conveying apparatus of an eleventh embodiment 
of the present invention. 

[0057] Fig. 1 7 is a partial development diagram show- 
ing a driving principle of the vibration wave motor. 
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[0058] Figs. 18A and 18B are plan views showing a 
polarization pattern of the piezoelectric element of the 
vibration wave motor. 

[0059] Fig. 19 is a sectional view showing electric 
force lines during piezoelectric element polarization and s 
a distribution of a modulus of longitudinal elasticity. 
[0060] Fig. 20 is an explanatory view of vibration am- 
plitude unevenness of a conventional piezoelectric vi- 
bration member. 

[0061] Fig. 21 is a perspective view of the convention- 10 
al piezoelectric vibration member. 
[0062] Fig. 22 is a partial development diagram of the 
conventional piezoelectric vibration member in which 
the piezoelectric element is divided. 
[0063] Fig. 23 is a partial development diagram of the 15 
conventional piezoelectric vibration member in which an 
electrode is divided by polishing. 
[0064] Fig. 24 is a perspective view showing a twelfth 
embodiment of the present invention. 
[0065] Fig. 25 is an exploded perspective view show- 20 
ing a thirteenth embodiment of the present invention. 
[0066] Fig. 26 is a perspective view showing a four- 
teenth embodiment of the present invention. 
[0067] Fig. 27 is a perspective view showing a method 
of manufacturing an elastic member of Fig. 26. 25 
[0068] Fig. 28 is a perspective view showing a fif- 
teenth embodiment. 

[0069] Fig. 29 is a plan view of the piezoelectric ele- 
ment showing a sixteenth embodiment. 
[0070] Fig. 30 is a chart showing a relation between 30 
frequency and amplitude in the sixteenth embodiment. 
[0071] Figs. 31 A and 31 Bare perspective views of the 
vibration member showing a seventeenth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 35 
EMBODIMENTS: 

(First Embodiment) 

[0072] Fig. 1 shows a first embodiment of the present *o 
invention. 

[0073] First, the entire constitution of the present em- 
bodiment will be described. 

[0074] In a vibration member of the present embodi- 
ment, a plurality of displacement enlarging grooves 4 *s 
are formed along a radial direction on a metal elastic 
member 1 formed in an annular shape for the purpose 
of enlarging displacement in a peripheral direction 
caused by flexural vibration. 

[0075] As shown in Fig 2A t in an piezoelectric element so 
2 as an electro-mechanical energy conversion element, 
a pattern electrode 3 is formed on a surface not bonded 
to the elastic member 1, and the respective electrodes 
are arranged at predetermined gaps. The gap prevents 
the electrodes adjacent to each other from discharging ss 
electricity in a polarization process. 
[0076] For the piezoelectric element 2, polarization is 
performed between a pattern electrode 3-1 and an elec- 



trode 3-2 for covering the entire back surface by apply- 
ing an electrical potential in a direction shown by sym- 
bols (+) and (-) in Fig. 2 A. 

[0077] For the pattern electrode 3-1 , respective A and 
B phase groups shown in Fig. 2 A are short-circuited 
within the groups by a conductive paste, a flexible print- 
ed board, or the like, and a flexural moment is applied 
to excite the elastic member 1 by a force of a direction 
crossing at right angles to the polarization direction in 
each electrode area by applying the electrical potential 
between each phase and the back-surface electrode. 
[0078] For the polarization direction of the electrode 
3-1, as shown in Fig. 2A, the areas adjacent to each 
other are polarized in opposite directions. 
[0079] As shown in Fig. 1 9, since the electrical poten- 
tial is applied to a spacing 3-3 between adjacent pattern 
electrodes in a lateral direction during polarization, the 
polarization is performed in a direction for connecting 
the adjacent electrodes, and a modulus of longitudinal 
elasticity in a strain direction of the piezoelectric element 
is lowered between the electrodes. 
[0080] In the present embodiment, the displacement 
enlarging grooves 4 formed in the elastic member 1 are 
formed at equal intervals (A/4) along the peripheral di- 
rection, an angle of the pattern electrode spacing 3-3 of 
the piezoelectric element 2 is allowed to agree with the 
angle of the displacement enlarging groove 4 (the pat- 
tern electrode spacing 3-3 is aligned with the displace- 
ment enlarging groove 4 in an axial direction), the dis- 
placement enlarging groove 4 is also disposed corre- 
sponding to the electrode 3-1, and a displacement en- 
larging groove 4-1 corresponding to the pattern elec- 
trode spacing 3-3 is set to be shallow particularly with 
respect to the depth of the displacement enlarging 
groove 4 for the electrode 3-1 . 
[0081] In the aforementioned constitution, a sectional 
secondary moment of a section of the vibration member 
with a shallow groove can partially be enlarged as com- 
pared with the section of the vibration member with an- 
other groove portion. 

[0082] Therefore, when the shallow groove 4 in the 
elastic member 1 is bonded to and overlapped with a 
portion of the piezoelectric element 2 with a small mod- 
ulus of longitudinal elasticity, a rigidity drop of the pie- 
zoelectric element 2 is compensated, and a flexural ri- 
gidity in an integrated vibration member can be uni- 
formed. 

[0083] Additionally, in the whole grooves 4, the depth 
of the groove in the peripheral direction differs (the 
groove 4-1 adjacent to the groove 4 with a normal depth 
is shallow), but the depth difference fails to cause a dif- 
ference in natural frequency of vibration systems of both 
A and B groups in the vibration member. 
[0084] A constitution of the present embodiment will 
next be described in detail. 

[0085] In the present embodiment, the piezoelectric 
element 2 is bonded to the metal elastic member 1 by 
an adhesive, solder or another method. As shown in Fig. 



5 



9 



EP 1 073 127 A2 



10 



2A, the group of electrodes 3 is formed on a surface 
which is not bonded to the vibration member of the pie- 
zoelectric element 2. The electrode 3 is constituted by 
forming a conductive material in a film by evaporation, 
screen printing or the like, and the respective electrodes 
are arranged at predetermined gaps. 
[0086] The piezoelectric element 2 is subjected to po- 
larization by applying the electrical potential between 
the pattern electrode 3-1 and the back-surface electrode 
3-2 in the direction shown in Fig. 2A. 
[0087] The back-surface electrode 3-2 of the piezoe- 
lectric element 2 is connected to the vibration member. 
For the pattern electrode 3-1, the respective A and B 
phase groups shown in Fig. 2A are short-circuited in the 
group by the conductive paste, flexible printed board or 
the like, and the vibration member is provided with flex- 
ural moment and excited by a force of a direction cross- 
ing at right angles to the polarization direction by apply- 
ing the electrical potential between each phase and the 
back-surface electrode (elastic member 1) in the re- 
spective electrode areas. 

[0088] For the polarization direction of the electrode 
3-1, as shown by (+), (-) in Fig. 2A, the adjacent areas 
are polarized in opposite directions. 
[0089] For the spacing 3-3 between the adjacent elec- 
trodes, as shown in Fig. 1 9, since the electrical potential 
is applied in the lateral direction during polarization, po- 
larization is performed in the direction for connecting the 
adjacent electrodes to each other, and the modulus of 
longitudinal elasticity of the flexural strain direction of 
the vibration member is low between the electrodes. 
[0090] The elastic member 1 is provided with a plural- 
ity of grooves 4 for the purpose of enlarging the displace- 
ment of the peripheral direction caused by flexural vi- 
bration. 

[0091] A minimum unit of arrangement of the pattern 
electrodes 3-1 of the piezoelectric element 2 is a 1/4 
wavelength, and in this pattern, a septenary flexural 
mode is used to excite seven flexural vibrations on one 
lap. Therefore, in order to allow all the electrode spac- 
ings 3-3 to coincide in position with the grooves 4, the 
number of grooves is an integral multiple of 4 x 7 = 28. 
Here, the groove 4 is equally divided into 28 in the pe- 
ripheral direction. 

[0092] The groove 4-1 coinciding in angle with the pat- 
tern electrode spacing 3-3 of the piezoelectric element 
2 is set to be shallower than the other grooves. There- 
fore, the drop of the flexural rigidity of the vibration mem- 
ber caused by the drop of the modulus of longitudinal 
elasticity between the electrodes of the piezoelectric el- 
ement is corrected by increasing a sectional area of the 
vibration member and increasing the sectional second- 
ary moment. 

[0093] Therefore, the propagation speed of the vibra- 
tion of the standing waves different in phase formed on 
the vibration member fails to change even in the portion 
corresponding to the electrode spacing of the piezoe- 
lectric element 2, no wavelength unevenness occurs, a 



waveform of a progressive traveling wave as a driving 
wave obtained by combining two-phase standing waves 
is stabilized, driving efficiency is enhanced, and devia- 
tion friction can be prevented from occurring. 

5 

(Second Embodiment) 

[0094] Fig. 3 is a partial development diagram of a 
second embodiment of the present invention. 

io [0095] In the present embodiment, the pattern elec- 
trode 3 of the piezoelectric element 2 is disposed on the 
entire surface during polarization, and polarization is 
performed in the same thickness direction in all areas. 
After the polarization, the electrode is polished with a 

'5 grindstone, a metal saw or the like and divided into a 
plurality of electrode groups. 

[0096] Since the rigidity of a portion 3-30 removed to 
divide the electrode (hereinafter referred to as the elec- 
trode dividing portion) is lowered, in the present embod- 

20 jment, the electrode dividing portion is disposed corre- 
sponding to the groove 4 of the vibration member, and 
the groove 4-1 corresponds to the electrode dividing 
portion 3-30 in the axial direction (thickness direction of 
the piezoelectric element) is reduced in depth and en- 

25 larged in sectional area, so that a partial rigidity differ- 
ence by partial shape ununiformity of the piezoelectric 
element 2 is corrected, and the modulus of longitudinal 
elasticity of the vibration member constituted of the elas- 
tic member 1 and piezoelectric element 2 is set to be 

30 uniform in the peripheral direction. 

(Modification of Second Embodiment) 

[0097] Fig. 4 shows a modification example of the 

35 second embodiment. 

[0098] In the second embodiment, the piezoelectric 
element 2 is subjected to a polarization treatment in the 
same direction, and subsequently the individual elec- 
trodes are divided and formed by a cutting treatment. 

40 However, as shown in Fig. 4, after the electrode is di- 
vided beforehand, the polarization treatment may be 
performed to obtain a polarization pattern similar to that 
of the first embodiment. 

45 (Third Embodiment) 

[0099] Fig. 5 is a partial development diagram of a 

third embodiment of the present invention. 

[0100] In the present embodiment, as the piezoelec- 

50 trie element 2, a plurality of divided elements are used. 
The respective piezoelectric elements 2 are polarized 
in a single direction within the area, and arranging and 
bonding are performed by changing bonding directions 
to the vibration member on front and back surfaces, so 

55 that pattern arrangements different in the polarization 
direction are realized. 

[01 01] In this constitution, since the piezoelectric ele- 
ment in the form of a finery divided chip can be used, 
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even with a large total area of the piezoelectric element, 
manufacture can be performed inexpensively. However, 
since there is no element in the boundary between the 
elements, rigidity is disadvantageous^ deteriorated as 
compared with a portion in which the piezoelectric ele- s 
ment 2 is present. 

[0102] The elastic member 1 is formed by a powder 
sintering method or the like, and includes a multiplicity 
of pores 6. By impregnating the pore in the vicinity of the 
boundary 3-3 between the elements 3 with a material 10 
whose melting point is lower than that of the material of 
the elastic member 1 to form an area 1-2 (shown by a 
black circle in Fig. 5), a composition is changed, a mod- 
ulus of elasticity is increased, a rigidity drop by the ab- 
sence of the piezoelectric element in the boundary 3-3 is 
is compensated, and a uniform rigidity is realized. 
[01 03] In the present embodiment, since correction is 
performed in the vicinity of the piezoelectric element 
portion, a vibration member neutral axis changes only 
little, and not only amplitude unevenness of a vibration 20 
direction but also amplitude unevenness of a propaga- 
tion direction can precisely be corrected. 
[01 04] In the present embodiment, in order to perform 
the correction with the shape of the bonded surface of 
the vibration member, a groove pitch may have no rela- & 
tion to the arrangement of the piezoelectric elements. 

{Fourth Embodiment) 

[0105] Fig. 6 is a partial development diagram of a 30 
fourth embodiment of the present invention. 
[0106] In a piezoelectric member constituting the pie- 
zoelectric element 2, since a large electrical potential 
difference is produced in a boundary 2-1 of adjacent 
electrode areas different in polarization direction during 35 
polarization, the piezoelectric element causes a grain 
field destruction (shown by a white circle in Fig. 6). Since 
the modulus of elasticity is lowered in this area, similarly 
as the first embodiment, the groove 4-1 of the elastic 
member 1 corresponding to the boundary 2-1 is set to *o 
be shallow, the sectional secondary moment is in- 
creased, the rigidity different partially generated in the 
piezoelectric element 2 is corrected by the elastic mem- 
ber 1, and the modulus of longitudinal elasticity of the 
vibration member constituted of the elastic member 1 *s 
and piezoelectric element 2 is uniform in the peripheral 
direction. 

(Fifth Embodiment) 

so 

[01 07] Fig. 7 is a partial development diagram of a fifth 
embodiment of the present invention. 
[0108] The elastic member 1 of the present embodi- 
ment is formed by the powder sintering method or the 
like, and includes a multiplicity of pores 6. By forming ss 
an area 1 -2 in which a small number of pores are present 
in an area with a low modulus of longitudinal elasticity, 
the composition is changed, the modulus of elasticity is 



increased, the partial rigidity drop of the piezoelectric 
element 2 is corrected by the elastic member 1 , and the 
modulus of longitudinal elasticity of the vibration mem- 
ber constituted of the elastic member 1 and piezoelectric 
element 2 is uniform in the peripheral direction. 
[0109] A method of reducing the pores 6 is realized 
by compressing only a portion corresponding to the 
boundary 1-2 of the piezoelectric element 2 with a high 
pressure, crushing the pores, and subsequently finish- 
ing the member by a mechanical processing. 

(Sixth Embodiment) 

[0110] Fig. 8 is an exploded view of the vibration mem- 
ber of a sixth embodiment of the present invention, and 
Fig. 9 is a diagram showing an assembled state of Fig. B. 
[0111] The vibration member of the present embodi- 
ment is a so-called bar-shaped vibration member 
formed by placing the piezoelectric element 2 and a volt- 
age applying flexible printed board 7 between a first 
elastic member la and a second elastic member 1 b, and 
holding these components via a bolt 8, and the piezoe- 
lectric element 2 is subjected to the polarization treat- 
ment in the thickness direction as shown by symbols (+), 
(-) in Fig. 8. 

[0112] In the vibration member, a flexural primary vi- 
bration mode is excited by using two sets of (+), (-) elec- 
trodes disposed opposite to each other via a center hole 
as two A, B phases, and applying alternating-current 
voltages with a time phase difference of 90 degrees, and 
an oscillating movement is performed by combining two 
vibrations deviating from each other by 90 degrees. 
[0113] The piezoelectric element 2 of the present em- 
bodiment utilizes displacement of a direction parallel to 
the polarization direction of the thickness direction, that 
is, of the thickness direction, and the modulus of longi- 
tudinal elasticity of the axial direction (Z direction) as the 
thickness direction of the piezoelectric element, that is, 
the modulus of longitudinal elasticity (referred to as Y33) 
of the polarization direction largely contributes to the 
flexural rigidity of the vibration member. 
[0114] However, between the electrodes different in 
the polarization direction and adjacent to each other, an 
electrical potential difference is made in the plane during 
polarization, the polarization is therefore performed in 
the lateral direction, and in this case the modulus of lon- 
gitudinal elasticity of the axial direction indicates the 
modulus of longitudinal elasticity (referred to as Y11) of 
the direction crossing at right angles to the polarization 
direction. 

[011 5] As described above, since there is a relation of 
Y11 > Y33 between two moduli of longitudinal elasticity, 
for the flexural rigidity of the vibration member, the flex- 
ural rigidity around Y axis becomes large as compared 
with flexure around X axis of Fig. 8. 
[011 6] Specifically, with the flexure around the X axis, 
since the polarization treatment direction of electrodes 
41 and 42 is different in polarity from that of electrodes 
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43 and 44, a boundary 45 between the electrodes 41 
and 42 and a boundary 46 between the electrodes 43 
and 44 are subjected to the polarization of the lateral 
direction, and the modulus of longitudinal elasticity is 
Y11. Moreover, with the flexure around the Y axis, a 
boundary 47 between the electrodes 41 and 43 and a 
boundary 48 between the electrodes 42 and 44 are sub- 
jected to the polarization of Z-axis direction, and the 
modulus of longitudinal elasticity is Y33. 
[01 1 7] Flexural vibrations excited by the respective A, 
B electrode portions can be represented by a combina- 
tion of flexural vibrations around the X, Y axes. As 
shown in Fig. 10, for frequency properties of the flexural 
vibrations around the X and Y axes, since the vibration 
around the Y axis with a high rigidity shifts toward a high 
frequency side. Therefore, when excitation is performed 
with a frequency higher than that of a resonance point, 
for the flexural vibrations by respective A, B inputs, a 
flexural amplitude component around the Y axis in- 
creases for both A and B. As a result, respective posi- 
tions of flexural vibration of A, B deviate in an X axis 
direction, and a position phase difference of A and B 
deviates from a predetermined angle of 90°. 
[0118] Therefore, the oscillating movement by the 
combined vibration is elliptical in which the flexure 
around the Y axis is large. 

[0119] To solve the problem, in the present embodi- 
ment, for both the first and second vibration members, 
a groove 40 is formed along the axial direction in order 
to lower the flexural rigidity around the Y axis, and the 
flexural rigidities around the respective axes are adjust- 
ed. 

[0120] In addition to the groove processing described 
above, a correction method to the elastic member can 
further be realized by countersinking or by chamfering 
_a ridge formed by a piezoelectric element holding sur- 
face and an outer peripheral surface. When the correc- 
tion is performed with a portion apart from the piezoe- 
lectric element, a vibration member equivalent mass is 
changed. Therefore, the groove may be processed only 
in the vicinity of the piezoelectric element 2 as shown in 
Fig. 11. By forming the elastic member by a sintered 
powder material having a multiplicity of pores or the like, 
and raising a density in the vicinity of the boundaries 45 
and 46 by a press molding shown in Fig. 27 as described 
later to increase the flexural rigidity around the X-axis, 
or impregnating the member with another metal materi- 
al, the rigidity ununiformity can be corrected. 

(Seventh Embodiment) 

[0121] Fig. 12 shows a seventh embodiment of the 
present invention. 

[01 22] In the vibration member of the present embod- 
iment, the electrodes adjacent to each other in the an- 
nular piezoelectric element 2 bonded to the annular 
elastic member 1 are polarized in reverse directions in 
the thickness direction as shown by symbols (+), (-) in 



Fig. 12. 

[0123] The vibration member of the present embodi- 
ment utilizes displacement of a direction (peripheral di- 
rection) crossing at right angles to the polarization di- 

5 rection of the piezoelectric element to excite the flexural 
vibration, and the modulus of longitudinal elasticity of 
the peripheral direction of the piezoelectric element con- 
tributes to the flexural rigidity of the vibration member. 
In the electrode spacing 3-3, as an area between the 

10 adjacent electrodes, polarized in the peripheral direc- 
tion, the modulus of longitudinal elasticity of the periph- 
eral direct ion is lowered by an influence of a polarization 
treatment direction as described above. Therefore, in 
the present embodiment, by enlarging the width of the 

'5 electrode spacing 3-3 and enlarging the sectional area, 
the rigidity of the portion with a towered modulus of elas- 
ticity is uniformed. 

[0124] As described above, since the distribution of 
the modulus of longitudinal elasticity of the piezoelectric 
20 element is uniformed by the piezoelectric element 
shape, positioning with the elastic member to be bonded 
is unnecessary, which provides an advantage that an 
error by deviation during bonding is not easily generat- 
ed. 

25 

(Eighth Embodiment) 

[0125] Fig. 13 shows an eighth embodiment of the 
present invention. 

30 [0126] The vibration member of the present embodi- 
ment is constituted by bonding the annular piezoelectric 
element 2 to the annular elastic member 1 . For the pie- 
zoelectric element 2, by entirely forming an electrode 
film on both the surface to be bonded to the elastic mem- 

55 ber 1 and the pattern electrode surface on which the pat- 
tern electrode 3 is to be formed, subsequently perform- 
ing the polarization treatment, and polishing the elec- 
trode with the grindstone, metal saw or the like to sep- 
arate the electrode, a shown electrode pattern is ob- 

40 tained. 

[01 27] For the portion 3-3 from which the electrode is 
separated, since thickness is reduced, rigidity is deteri- 
orated In the present embodiment, by broadening the 
portion in which the thickness decreases and the rigidity 
45 js deteriorated, a substantially uniform sectional area is 
obtained. This can realize the uniform flexural rigidity of 
the vibration member and reduce the vibration ampli- 
tude unevenness. 



[0128] Fig. 14 shows a ninth embodiment of the 
present invention. 

[0129] The constitution and function of the vibration 
55 member in the present embodiment are similar to those 
shown in the sixth embodiment. 
[01 30] In the present embodiment, by disposing a cut- 
out 9 in the vicinity of the boundary of the area in which 
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the adjacent electrodes of the piezoelectric element 2 
are polarized in the reverse directions, the flexural rigid- 
ity around the Y axis of the piezoelectric element is low- 
ered and adapted to the flexural rigidity around the X 
axis. In the sixth embodiment, it is necessary to adjust 
the angle and tighten the components so that the pie- 
zoelectric element 2 is aligned with the respective 
grooves 40 of two elastic members la and 1b. In the 
present embodiment, however, since the correction is 
already performed only with the piezoelectric element, 
the correction can advantageously be performed with- 
out performing the positioning. 

(Tenth Embodiment) 

[0131] Fig. 15 shows a tenth embodiment of the 
present invention. 

[0132] There is provided a vibration wave motor in 
which a moving member 10 formed of elastic materials 
such as a metal is pressed onto the elastic member 1 
of the first embodiment via a viscous fluid layer 1 1 con- 
stituted of viscous fluids such as oil and grease, and the 
moving member 10 is driven by a transmission force of 
an oil film under a high pressure. 
[0133] The transmission force largely changes with a 
film thickness in the driving via the viscous fluid. There- 
fore, when there is an unevenness of a traveling wave 
amplitude as in a conventional vibration wave motor, the 
film thickness increases in a place with a large ampli- 
tude. Since the film is thickened in a place with a small 
amplitude, it is difficult to obtain the film thickness for 
efficiently transmitting the force. On the other hand, in 
the present embodiment, since the amplitude uneven- 
ness is reduced as described above, a uniform film 
thickness distribution can be obtained, and driving can 
efficiently be performed. 



(Eleventh Embodiment) 

[0134] Fig. 16 shows a powder material conveying ap- 
paratus of an eleventh embodiment of the present in- 
vention. 

[01 35] In the present embodiment, the vibration mem- 
ber of the first embodiment constituted of the elastic 
member 1 and piezoelectric element 2 is used, and the 
traveling wave amplitude unevenness is reduced by 
changing the depth of the groove 4 of the elastic mem- 
ber 1. 

[0136] Along the peripheral direction on protrusions 
formed by the grooves 4 on the driven surface of the 
elastic member 1 , an annular portion formed by a part 
of a tube 12 of soft materials such as resin is laid and 
fixed by an adhesive, or the like. 
[0137] A power material 13 placed in the tube 12 is 
conveyed in the annular tube by the elliptical movement 
of the traveling wave excited in the vibration member. In 
the conveying apparatus, the powder material in the 
tube 12 can continuously be conveyed. Furthermore, 



with an easily coalescent powder material, even when 
the material condenses and solidifies, the material is 
crushed by vibration and can be supplied in an original 
particulate state. 
5 [0138] When the annular moving member is driven 
like the usual vibration wave motor, the total of driving 
forces in respective driving positions corresponds to the 
driving force of the moving member. Therefore, by re- 
moving the unevenness in a pressurizing force, flatness, 
io rigidity, and the like of the moving member, the driving 
force is averaged. 

[0139] However, with micro materials such as the 
powder material of the present embodiment, the force 
is not averaged, the speed differs with the position, and 
*5 clogging or another problem occurs in a place with a 
small driving force. 

[0140] However, in the present embodiment, by cor- 
recting a rigidity difference attributed to the piezoelectric 
element, the traveling wave amplitude can be uniform, 
20 and the aforementioned problem can effectively be re- 
duced. 

(Twelfth Embodiment) 

25 [0141] Fig. 24 is a partial development diagram of a 
twelfth embodiment of the present invention. 
[0142] In the first embodiment, the spacing between 
the adjacent electrodes of the piezoelectric element 2 
coincides in position with the groove, but in the vibration 
30 member of the present embodiment, the electrodes 
spacing does not necessarily coincide in position with 
the groove. 

[0143] In the present embodiment, when the groove 
4 is not disposed corresponding to the position of the 
35 spacing 3-3 between the electrodes with a deteriorated 
rigidity, the rigidity difference is corrected by setting a 
groove 4-3 closest to the position to be shallow, or the 
rigidity difference in the vicinity of the electrode spacing 
is corrected by arranging a plurality of shallow grooves 
4-2 to dispose the electrode spacing 3-3 therebetween. 
[0144] In order to correct the rigidity difference, the 
groove may not coincide in position with the electrode 
spacing, and a rigidity difference may be made in a plu- 
rality of grooves so that the rigidity against flexural dis- 
« placement of the vibration member becomes uniform. 

(Thirteenth Embodiment) 

[0145] Fig. 25 is an exploded perspective view of a 
50 thirteenth embodiment of the present invention. 

[01 46] In the present embodiment, the vibration mem- 
ber is constituted by bonding the elastic member 1 to 
the piezoelectric element 2 with a relative angle as 
shown in Fig. 25 by an adhesive or the like. 
55 [0147] In the present embodiment, the spacing 3-3 
between the adjacent electrodes polarized in directions 
different from each other in the piezoelectric element 2 
does not coincide in position with the groove 4 of the 
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vibration member, and an Inner diameter side 1-2 of a 
protrusion which fails to coincide with the electrode 
spacing 3-3 is removed so that the rigidity of the position 
of the elastic member 1 substantially coinciding with the 
electrode spacing 3-3 is large as compared with other 
areas. 

(Fourteenth Embodiment) 

[01 48] Fig. 26 is a partial development diagram of the 
vibration member of a fourteenth embodiment of the 
present invention, and Fig. 27 is a perspective view 
showing a process for providing the vibration member 
of Fig. 26 with the rigidity difference. 
[0149] The elastic member 1 is formed of a material 
including a multiplicity or pores 6 by the powder sintering 
method or the like. 

[01 50] Since a powder compact obtained by compact- 
ing a metal powder is sintered at a high temperature 
equal to or less than a metal melting point to obtain a 
sintered material, warp or strain is generated in a sin- 
tering process, precision is deteriorated, and the mate- 
rial is not suitable as it is for use as the elastic member. 
[0151] Therefore, in the present embodiment, by plac- 
ing a mold 14 on the bottom of a plurality of grooves 4 
of the elastic member 1 and placing a mold 15 on the 
bonded surface of the piezoelectric element 2 to hold 
and press the material, the shape is straightened. 
[0152] Since a groove 4-4 of the sintered member 
substantially corresponding in position to the spacing 
3-3 between the adjacent electrodes polarized in the di- 
rections different from each other during bonding of the 
piezoelectric element 2 is set beforehand to be thicker 
than other grooves, and protrusions 16 of the mold for 
pressing the groove bottom are set beforehand to the 
same height, by pressing this constitution to straighten 
the shape, the pores of the groove 4-4 are crushed more 
strongly than the other portions to raise density. By in- 
creasing the modulus of elasticity in this manner, the ri- 
gidity ununiformity can be corrected. 
[0153] For the material provided with a multiplicity of 
pores, internal loss increases during vibration, and effi- 
ciency is deteriorated for an actuator. Therefore, a ma- 
terial whose elasticity constant is smaller than that of 
the sintered metal constituting the elastic member may 
be molten to impregnate or fill the remaining pores. 
[0154] In the present embodiment, since the rigidity 
can be modified without changing the shape of a fin- 
ished product, the neutral surface of flexural displace- 
ment changes little. Furthermore, by performing a 
pressing process for enhancing a size precision also as 
a process for correcting the rigidity difference, further 
inexpensive manufacture is possible. 

(Fifteenth Embodiment) 

[01 55] Fig. 28 is a perspective view of a fifteenth em- 
bodiment of the present invention. 



[0156] In the present embodiment, to remove an un- 
necessary progressive vibration generated in the vibra- 
tion wave motor, the elastic member 1 is provided with 
a rigidity ununiformity portion 4-5 whose groove is deep- 
5 er than the other grooves. For the unnecessary progres- 
sive vibration wave generated in the vibration wave mo- 
tor, in a degree different from that of the traveling wave, 
for use in driving, obtained by combining a plurality of 
standing waves formed by the piezoelectric element for 
10 driving, when the traveling wave is formed in an audible 
range by various factors such as an influence on the vi- 
bration wave motor from the outside or an internal de- 
fect, the wave is heard as a squeak. 
[0157] Therefore, to inhibit the traveling wave from oc- 
J5 curring in the degree in which this squeak is generated, 
natural frequencies of two modes forming the traveling 
wave in the degree in which the squeak is generated 
are provided with a sufficient difference. Moreover, in 
order to prevent these two mode vibrations from being 
20 simultaneously excited, the vibration member is provid- 
ed with the rigidity ununiformity portions 4-5 by a division 
number corresponding to the flexural vibration degree 
of the unnecessary vibration. 
[0158] The piezoelectric element 2 is provided with 
2S the electrode 3, and adjacent electrode areas are polar- 
ized in directions reverse to each other, and in the thick- 
ness direction. For a portion of the elastic member 1 cor- 
responding to the spacing between the adjacent elec- 
trodes polarized in the different directions, by forming 
30 the groove 4-1 to be shallow, raising the flexural rigidity, 
and offsetting the low rigidity portion between the elec- 
trodes of the piezoelectric element 2, the unevenness 
of the traveling wave amplitude generated by the low 
rigidity portion between the electrodes of the piezoelec- 
35 trie element 2 is reduced. 

[0159] The deep groove 4-5 for removing the unnec- 
essary vibration and the groove 4-1 for correcting the 
rigidity difference are arranged not to coincide with each 
other. However, when the same groove is used as the 
40 deep groove 4-5 for removing the unnecessary vibration 
and the groove 4-1 for correcting the rigidity difference, 
by providing the groove with a rigidity change of a sum 
of a rigidity drop for removing the unnecessary vibration 
and a rigidity increase for correcting the rigidity differ- 
45 ence, the same effect is obtained. 

[0160] Additionally, even in the bar-shaped vibration 
member shown in Figs. 8, 9 of the sixth embodiment, in 
addition to the groove for correcting the rigidity differ- 
ence, by disposing the unnecessary vibration removing 
50 groove, cutout, chamfer, and the like, the similar effect 
is obtained. When two grooves coincide with each other, 
the rigidity change of the sum may be applied. 
[0161] As in the present embodiment, even when the 
vibration member is provided with the rigidity difference 
55 for another purpose, by adding the rigidity difference for 
correcting the rigidity difference of the piezoelectric el- 
ement, the similar effect is obtained. 
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(Sixteenth Embodiment) 

[01 62] Figs. 29 and 30 show a sixteenth embodiment 
of the present invention. 

[0163] For the piezoelectric element of the embodi- 
ment shown in Fig. 2, the A and B groups of piezoelectric 
elements are distributed to the left and right sides, and 
the polarization directions of the adjacent electrode pat- 
terns are different from each other However, in the pi- 
ezoelectric element of the present embodiment, as 
shown in Fig. 29, the A and B group electrodes are ar- 
ranged to be adjacent to each other (the length of a pair 
of electrodes is one wavelength), and the polarization 
directions of the adjacent A and B group electrodes are 
different from each other. 

[0164] In the present embodiment, the rigidity of the 
spacing 3-3 between the electrodes polarized in the dif- 
ferent directions is smaller than that of a spacing 3-4 
between the electrodes polarized in the same direction. 
Here, the standing wave excited by applying a voltage 
to the A phase electrode is decomposed into a standing 
wave including the electrode spacing 3-4 as the antin- 
ode and a standing wave including the electrode spac- 
ing 3-3 as the antinode. When the electrode spacing 3-3 
is the antinode, the fiexural rigidity is lowered. For the 
vibration amplitude to the applied voltage, as shown in 
Fig. 30, a resonance frequency drops. During driving 
with a frequency higher than the resonance frequency, 
the amplitude of the standing wave having the antinode 
in the electrode spacing 3-4 increases. As a result, for 
the standing wave obtained by excitation to the A phase, 
the amplitude of the component having the antinode in 
the electrode spacing 3-4 is large, and a vibration shape 
deviates and shifts toward the electrode spacing 3-4. 
[0165] Similarly for the B phase, since the vibration 
shape deviates and shifts toward the electrode spacing 
3-4, the position phase difference of A-B phases devi- 
ates from a predetermined wavelength A/4, and a uni- 
form amplitude cannot be obtained. 
[0166] Even for the piezoelectric element, as in the 
aforementioned embodiment, the rigidity of the vibration 
member may be uniform by providing the corresponding 
portion of the elastic member with a non-uniform rigidity, 
or the rigidity of the vibration member may be uniform 
by treating the piezoelectric element itself. 

(Seventeenth Embodiment) 

[0167] Figs. 31 A and 31 B show a seventeenth em- 
bodiment of the present invention. 
[0168] The vibration member of the present embodi- 
ment is constituted by bonding the piezoelectric element 
2 to the disc-shaped elastic member 1, and driven in a 
diametrical direction in a primary mode. 
[0169] In the elastic member 1 , a plurality of displace- 
ment enlarging protrusions 4 are formed, piezoelectric 
element pattern electrodes 3-1 adjacent to each other 
are polarized in directions opposite to each other and in 



the thickness direction, and the fiexural rigidity of the 
portion of the vibration member corresponding to the 
spacing 3-3 between the adjacent electrodes is smaller 
than that of another portion. 

5 [0170] In the present embodiment, by disposing the 
protrusion-shaped rigidity ununiformity portion 4-5 in the 
angular and diametric position corresponding to the po- 
sition of the electrode spacing 3-3 of the disc-shaped 
elastic member 1 , the drop amount of the fiexural rigidity 

io of the piezoelectric element electrode spacing is com- 
pensated and the uniform vibration is obtained without 
any unevenness. 

[0171] The rigidity ununiformity portion disposed on 
the elastic member 1 is also obtained by changing the 

*5 depth of the groove between the adjacent protrusions 
as described in the first embodiment, and further ob- 
tained by forming non-uniform protrusion shapes. 
[0172] Moreover, when a plurality of piezoelectric el- 
ements are arranged and driven on concentric circles, 

20 the rigidity ununiformity portion 4-5 of the elastic mem- 
ber 1 may be disposed in the angular and diametric po- 
sition corresponding to the area between the electrodes 
polarized in the direct ions opposite to each other in each 
of the piezoelectric elements. 

2S [0173] According to the aforementioned embodi- 
ments, the vibration member can output a stable driving 
vibration. 

[0174] Moreover, in the vibration member of the an- 
nular or disc-shaped elastic member, the stable driving 
30 vibration can be outputted. 

[0175] Furthermore, in the vibration member of the 
bar-shaped elastic member, the stable driving vibration 
can be outputted. 

[0176] Additionally, the stable driving vibration can be 
3S obtained for the electro-mechanical energy conversion 
elements of various piezoelectric elements, and the like. 
[01 77] Moreover, even when a rigidity change occurs 
between the polarized areas of the electro-mechanical 
energy conversion element, the rigidity of the vibration 
40 member itself can be uniform, and the stable driving vi- 
bration can be outputted. 

[01 78] Furthermore, by making the rigidity of the elas- 
tic member non-uniform, the rigidity of the vibration 
member can be uniform. 

45 [01 79] Additionally, even when the rigidity change oc- 
curs between the polarized areas of the electro-me- 
chanical energy conversion element, by devising the 
sectional shape of the electro-mechanical energy con- 
version element, the rigidity of the vibration member can 

50 be uniform. 

[0180] Moreover, by utilizing the groove formed to en- 
large the vibration displacement of the elastic member, 
for example, to form the groove to be shallower than 
usual, the partial ununiformity of the rigidity can be cor- 

55 rected. 

[0181] Furthermore, even when the elastic member 
groove does not coincide in position with the electrode 
spacing of the electro-mechanical energy conversion el- 
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ement, by changing the depth of the peripheral groove, 
the rigidity of the vibration member can be uniform. 
[0182] Additionally, instead of changing the groove 
depth, when the protrusion is formed to be smaller than 
another protrusion or varied in shape otherwise, the par- s 
tial ununiformity of the rigidity can be corrected. 
[01 83] Moreover, there is also proposed a method of 
partially varying the rigidity without changing the depth 
of the elastic member groove. 

[0184] Furthermore, a squeak or the like can be pre- io 

vented from being generated. 

[0185] Additionally, the change of the neutral axis of 

the vibration member can be reduced. 

[0186] Moreover, there can be provided a vibration 

wave driving apparatus such as a vibration wave motor '5 

in which driving efficiency is enhanced, deviation friction 

can be prevented from being generated, and life is 

lengthened. 



Claims 

1 . A vibration member consisting of an elastic member 
and an electro-mechanical energy conversion ele- 
ment as a driving source, said electro-mechanical zs 
energy conversion element being provided with an 
alternating signal to generate a plurality of vibra- 
tions so as to generate a driving vibration in a driving 
portion of said elastic member by combining said 
plurality of vibrations, characterized in that 30 

an ununiformity of rigidity of said vibration 
member caused by a polarization treatment per- 
formed on said electro-mechanical energy conver- 
sion element is offset by partially changing the ri- 
gidity of said vibration member. 35 

2. A vibration member according to claim 1 , wherein 
an ununiformity of a positional phase difference in 
said plurality of vibrations caused by said ununi- 
formity of rigidity of said vibration member is offset *o 
by partially changing the rigidity of said vibration 
member. 

3. A vibration member according to claim 1 , wherein 

an ununiformity of a wavelength in each of said plu- 45 
rality of vibrations caused by said ununiformity of 
rigidity of said vibration member is offset by partially 
changing the rigidity of said vibration member. 

4. A vibration member according to claim 1 , wherein so 
an ununiformity of amplitude of a traveling wave 
constituted by combining said plurality of vibrations 
caused by said ununiformity of rigidity of said vibra- 
tion member is offset by partially changing the rigid- 
ity of said vibration member. ss 

5. A vibration member according to one of the claims 
1 -4, wherein said elastic member has an annular or 



disc shape. 

6. A vibration member according to one of the claims 
1 -4, wherein said elastic member has a substantial 
bar shape. 

7. A vibration member according to claim 5, wherein 
said electro-mechanical energy conversion ele- 
ments includes a group of a first vibration and a 
group of second vibration, an interval by odd 
number of 1/4 wavelength is arranged between 
both groups, and portions adjacent to each other at 
1/2 wavelength in each of groups are polarized in 
direction opposite to each other. 

8. A vibration member according to claim 6, wherein 
said electro-mechanical energy conversion ele- 
ments includes a group of a first vibration and a 
group of second vibration, a phase difference by 
odd number of 1/4 wavelength is arranged between 
both groups, and each of groups are alternately po- 
larized in the direction opposite to each other in an 
interval of 1/2 wavelength and at 1/4 wavelength. 

9. A vibration member according to claim 7 or 8, 
wherein said groups of first and second vibrations 
are formed integrally. 

10. A vibration member according to claim 7 or 8, 
wherein said groups of first and second vibrations 
consist of a plurality of elements. 

11. A vibration member according to one of claims 1 -5, 
7, 9 and 1 0, wherein the rigidity of said elastic mem- 
ber is partially changed in accordance with the un- 
uniformity of rigidity of said electro-mechanical en- 
ergy conversion element so that the rigidity of a pe- 
ripheral direction is set to be uniform. 

1 2. A vibration member according to one of claims 1 -5, 
7, 9 and 1 0, wherein the rigidity of said elastic mem- 
ber is partially changed in accordance with spaces 
among said plurality of electro-mechanical energy 
conversion elements so that the rigidity of a periph- 
eral direction is set to be uniform. 

13. A vibration member according to one of claims 1 -5, 
7, 9 and 10, wherein by providing said elastic mem- 
ber with a rigidity ununiformity portion correspond- 
ing to a portion whose rigidity is non-uniform in said 
electro-mechanical energy conversion element, the 
rigidity of said vibration member is set to be uniform. 

14. A vibration member according to one of claims 1 -5, 
7, 9 and 10, wherein in said electro-mechanical en- 
ergy conversion element, a sectional area of a por- 
tion in which an area different in rigidity from another 
portion is present is set to be different from the sec- 
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tional area of the another portion, so that the rigidity 
of the portion becomes equal to the rigidity of the 
another portion. 

1 5. A vibration member according to one of the claims s 
6, 8, 9 and 10, wherein by providing said elastic 
member with a rigidity un uniformity portion corre- 
sponding to a portion whose rigidity is non-uniform 

in said electro-mechanical energy conversion ele- 
ment, the rigidity of said vibration member is set to 10 
be uniform. 

1 6. A vibration member according to one of the claims 
6, 8, 9 and 10, wherein in said electro-mechanical 
energy conversion element, a sectional area of a 1$ 
portion in which an area different in rigidity from an- 
other portion is present is set to be different from 

the sectional area of another portion, so that the ri- 
gidity of the portion becomes equal to the rigidity of 
the another portion. 20 

17. A vibration member according to one of the claims 
1-16, wherein a change of rigidity between polar- 
ized areas adjacent to each other in said electro- 
mechanical energy conversion element is offset by 25 
partially changing the rigidity of said vibration mem- 
ber. 

18. A vibration member according to one of the claims 
1-16, wherein a change of rigidity between polar- 30 
ized areas adjacent to each other caused during po- 
larization of said adjacent polarized areas in said 
electro-mechanical energy conversion element is 
offset by partially changing the rigidity of said vibra- 
tion member. 35 



of the displacement in the thickness direction. 

23. A vibration member according to one of the claims 
11,12 and 1 9, wherein a plurality of groove portions 
are formed on a driving side of said elastic member, 
and the non-uniform portion of the elastic member 
of which rigidity is partially changed corresponds to 
the groove portion of which depth is different from 
the depth of others. 

24. A vibration member according to one of the claims 
11,12 and 19, wherein the non-uniform portion of 
the elastic member of which rigidity is partially 
changed consists of a material different from that of 
the other portion so as to increase the rigidity. 

25. A vibration member according to one of the claims 
11,12 and 1 9, wherein said elastic member consists 
of a material having a plurality of pores, and the non- 
uniform portion of the elastic member of which ri- 
gidity is partially changed is made by decreasing the 
pore ratio with respect to the other portion so as to 
increase the rigidity. 

26. A vibration member according to claim 1 3 or 20, 
wherein sectional areas between a plurality of elec- 
trodes on said electro-mechanical energy conver- 
sion element is made large so as to coincide the 
rigidity thereof with the rigidity of the other portion. 

27. A vibration member according to claim 1 4 or 20, 
wherein a sectional area corresponding to an elec- 
trode is made small so as to coincide the rigidity 
thereof with the rigidity between a plurality of elec- 
trodes. 



19. A vibration member according to one of the claims 
1-10, wherein for partially changing the rigidity of 
said vibration member, a rigidity of said elastic 
member is set non-uniform partially. 40 

20. A vibration member according to one of the claims 
1-10, wherein for partially changing the rigidity of 
said vibration member, a sectional shape of said 
electro-mechanical energy conversion element is 
set non-uniform partially. 

21. A vibration member according to one of the claims 
1-14, 17, 19 and 20 wherein said electro-mechani- 
cal energy conversion element generates a plurality so 
of standing waves on said elastic member on the 
basis of the displacement in the thickness direction. 

22. A vibration member according to one of the claims 

1 -3, 6-10, and 16-20, wherein said electro-mechan- ss 
ical energy conversion element generates a plural- 
ity of flexural vibrations having phases different 
from each other on said elastic member on the basis 



28. A vibration member according to claim 23, wherein 
the non -uniform portion of the elastic member of 
which rigidity is partially changed corresponds to a 
plurality of groove portions which are adjacent to the 
non-uniform portion and of which depth are made 
different from the depth of other groove portions. 

29. A vibration member according to one of the claims 
11,12 and 1 9, wherein a plurality of groove portions 
are formed on a driving side of said elastic member 
and protrusions are formed therebetween, and the 
non-uniform portion of the elastic member of which 
rigidity is partially changed corresponds to protru- 
sion of which shape is different from others. 

30. A vibration member according to one of the claims 
11, 12, 15 and 19, wherein the non-uniform portion 
of the elastic member of which rigidity is partially 
changed is made of a material of which density is 
different from the density of material of the other 
portion. 
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31. A vibration member according to one of the claims 
1-30, wherein a groove is formed on said elastic 
member so as to generate a difference in a natural 
frequency of a plurality of vibration series which 
forms vibration mode having a degree different from s 
that of the driving vibration. 

32. A vibration member according to one of the claims 
11, 12, 15, 19, 21-25 and 28-31, wherein the non- 
uniform portion of the elastic member of which ri- 10 
gidity is partially changed is located adjacent to said 
electro-mechanical energy conversion element. 

33. A vibration wave driving apparatus including said 
vibration member according to one of the claims '5 
1-32 and relatively moving said vibration member 
and a contact member pressurized to contact with 
said vibration member. 

34. A vibration wave driving apparatus according to 20 
claim 33, wherein the contact member is pressu- 
rized to contact with said vibration member through 

a fluid. 

35. An apparatus having said vibration wave driving ap- 2s 
paratus according to claim 33 or 34 as a driving 
source and driving a driven member. 

36. A vibration member for a vibration actuator, the vi- 
bration member comprising an elastic member and 30 
an electromechanical conversion element operable 

to generate a plurality of vibrations to produce a 
-driving vibration in a driving portion of the elastic 
member by combining said plurality of vibrations, 
characterised in that the rigidity of said elastic mem- 35 
ber is varied to compensate for a non-uniformity of 
rigidity of said vibration member caused by polari- 
sation treatment of the electromechanical conver- 
sion element. 

40 

37. A vibration wave actuator comprising a vibration 
member according to claim 36. 
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FIG. 23 
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